Introduction
1 Injection of vaccines is the method that results in the best immune response and 2 protection in fish (Lillehaug, 2014) . Although vaccines can be administered via the 3 intramuscular or intraperitoneal route, the latter is the most commonly used. Antigen by Matrix-Q, Alhydrogel or Freund's, as indicated above. The water temperature was 17ºC. 96 One month after the second dose, the serum antibody levels were determined in 97 immunized fish. Blood samples for antibody analysis were obtained by caudal vein 98 puncture and were allowed to clot for 16 h at 4 o C. The samples were then centrifuged 99 and the serum was collected. The serum antibody levels were determined by double 100 indirect enzyme-linked immunosorbent assay (ELISA), as described by Piazzon et al., 101 (2008) . in the peritoneal cavity. The peritoneal cavity was then washed carefully with 5 mL of 105 cold PBS and the cells were counted with a haemocytometer. Some cell samples were 106 also smeared onto glass slides for staining with hemacolor (Merck) or diaminobenzidine 107 (Sigma-Aldrich) (for peroxidase activity) and counterstained with haematoxylin, 108 according to Kiernan (1981) . Finally, the cell suspensions were washed twice with cold 109 PBS by centrifugation at 300 x g for 5 min, and the tubes containing the pellets were 110 frozen in liquid nitrogen and held at -80 o C until RNA extraction. The stimulated cells were pelleted, and total RNA was extracted using the 113 RNAeasy Mini kit (Qiagen) according to the manufacturer's recommendations. All 114 extractions were performed by the same researcher. RNA quality and quantification 115 were evaluated respectively in a Bioanalyzer (Bonsai Technologies) and in a 116 NanoDrop® ND-1000 spectrophotometer (NanoDrop® Technologies Inc.), prior to 117 labelling and hybridization. RNA extracted from peritoneal cells showed high quality 118 parameters and all the samples had a RNA integrity higher than 8.9 and mostly above 9. Twelve slides were used in the experiment, and samples from three or four 125 groups of fish were included in each slide. One of the fish groups was always a PBS-injected group, and the others were various groups sampled at the same time as the 127 control group. In total, 42 arrays were analysed. Hybridizations were performed by staff 128 at the Agilent Technology Gene Expression Unit of the Functional Genomics Platform 129 at the University of Santiago de Compostela (USC). Briefly, 50 ng of total RNA was 130 labelled using the Low Input Quick Amp Labeling Kit, One-Color (Cy3) (Agilent 131 Technologies, USA). Copy RNA was hybridized overnight with the corresponding 132 buffers for 17 h at 65°C and washed on the following day. Hybridized slides were 133 scanned in an Agilent G2565B microarray scanner (Agilent Technologies, USA). All 134 work was carried out on consecutive days and by the same researcher. The scanner 135 images were segmented with the Agilent Feature and Agilent software was applied to 136 prevent saturation in the highest intensity range. Agilent Feature Extraction produced 137 the raw data for further pre-processing. The processed signal (gProcessed-Signal) value Microarray processing and filtration were performed as previously described 142 (Millán et al., 2010; Domínguez et al., 2013) . The signal was captured and processed in 143 an Agilent scanner (G2565B, Agilent Technologies). The scanner images were 144 segmented with Agilent Feature Extraction Software (v9.5) by applying the GE1-v5_95 145 protocol, which was used for obtaining raw and processed data. The processed signal 146 (gProcessed-Signal) value was chosen for the statistical analysis. All microarrays were 147 subjected to quality and filtering control before statistical analysis, following the criteria 148 outlined by Millán et al., (2010 
Microarray validation by Q-PCR 214
A total of 39 cases from 16 randomly selected genes covering most of the FC 215 range in the study were used to validate the microarray data (Table S1 ). The number of 216 cases analyzed per gene in different microarrays ranged from 2 to 4 due to the random 217 selection approach used. All microarrays were validated using at least 4 genes, up to a 218 maximum of 6 genes with an average of 5 genes/microarray. Elongation factor 1-alpha, 219 the selected housekeeping gene, showed very low variation across the experimental conditions tested (CV: 0.026). We found a high correlation between Q-PCR and 221 microarray expression values (Pearson ρ coefficient = 0.78; P=0), indicating the 222 consistency of our microarray data, as found in previous studies in turbot (Millán et al., 223 2010; 2011; Pardo et al., 2012) . In previous studies, we found that the total number of free peritoneal cells in 226 turbot peaked very early after injection of particulate material and that by day 3 most of 227 the cells with phagocytosed material were already attached to the peritoneum or 228 migrated to other body areas (Noia et al., 2014; Folgueira et al., 2015) . In the present 229 study, we analyzed this early response (1, 3 and 5 days) in the peritoneal cells by 230 measuring the changes in gene expression. We identified 374 genes that were The adjuvants tested induced differential expression in 42 genes related to cell 259 junctions and focal adhesions and/or actin cytoskeleton organization ( Fig. 4 ). Of these, wall. In previous studies, we have found that all the adjuvants caused some internal 313 adhesions, although these were more apparent for FCA and less evident for Thirty-one genes related to apoptosis were differentially expressed, and six of 321 these were upregulated in all groups, which mainly included genes that were highly 322 expressed. The others included 16 upregulated and 9 downregulated genes in most,
323
although not all, of the groups (Fig. 6) . The upregulated genes included 24- of inflammatory cytokines, as described in mammals (Hofman, 2004) .
Genes associated with lymphocyte activity and lymphocyte migration are
Interestingly, many of the genes associated with lymphocytes and lymphocyte 352 activity were downregulated in the groups injected with vaccines containing 353 microspheres, FCA and Alhydrogel (Fig. 7) . The downregulation affected a smaller decrease in the production of chemokines that attract lymphocyte would decrease the 379 lymphocyte population and because there are few lymphocytes we found very low 380 expression of lymphocyte markers. We have also found important differences between 381 vaccines containing Matrix-Q and the vaccines containing the other adjuvants. Matrix-Q only induced downregulation of 4 genes (CCR7, TCF7, CCL4, CCL20) and at a much 383 lower level than the other adjuvants, indicating that this adjuvant has a lower inhibitory 384 effect on lymphocyte activity and migration than the others.
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In fish injected with vaccines containing microspheres, FCA or Alhydrogel, we 386 observed decreased expression of genes related to antigen presentation, such as MHC 387 class II antigen alpha chain (MHCIIa) and gamma-interferon-inducible lysosomal thiol 388 reductase (GILT) (Fig. 7) . GILT is constitutively expressed in antigen presenting cells in 389 mammals and catalyzes disulphide bond reduction that may be important for generation 390 of class II epitopes (Phan et al., 2000) . MHCII is also expressed in antigen presenting 391 cells, such as dendritic cells, macrophages and B cells. The number of peritoneal 392 macrophages in the cavity was high at the times used in the present and a previous study 393 (Folgueira et al., 2015) . However, these macrophages did not appear to express these 394 genes during this early inflammatory response in the peritoneal cavity, suggesting that 395 many of the free macrophages were MHCII -. Most of the inflammatory macrophages proinflammatory cytokines were upregulated in peritoneal cells of vaccinated turbot.
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CXCL8 was upregulated in the groups injected with aluminium or with matrix-Q, and tumour necrosis factor alpha was upregulated in one group and only at one time point.
415
The TNF receptor-associated factor 4 was upregulated on day 5 in the groups injected 416 with FCA or with microspheres. However, several genes associated with resolution of 417 the inflammatory response were regulated. This is the case with CDH1, a gene that was 418 upregulated in all groups, which has been associated with M2 macrophage activation in , 2015) . 438 We also observed downregulation of genes related to antigen presentation such 439 as MCHIIa, and of molecules related to antigen processing, such as GILT (Fig. 7) . 
Comparison of the gene expression responses between groups 464
We compared the different vaccinated groups, in order to relate the changes in 465 the peritoneal cells to the administration of a particular adjuvant. The overall response 466 in the groups injected with antigen alone was similar at the three times tested and was 467 also similar to the response on days 1 and 3 post injection in groups injected with 468 antigen plus Matrix-Q. The responses in the other groups were more dependent on the 469 time after infection than on the adjuvant administered ( Fig. 9 ). On day 5, all the 470 adjuvanted vaccines generated a similar response, although the groups injected with 471 microspheres and FCA were more closely related than the groups injected with The transcriptomic response induced by antigen alone was very low compared with that 479 induced by antigen and adjuvant, and very similar to that induced by PBS, indicating that the response generated is more closely related to the adjuvant used than to the 481 antigen. 482
Comparison between gene expression in peritoneal cells and serum antibody levels 483
In parallel with the microarray experiment, we evaluated the antibody responses 484 generated in turbot after vaccination with the same antigens and adjuvants used in the 485 gene expression experiment. The microarray analysis showed that Alhydrogel, Freund's 486 and microspheres induced a very similar cell migration and gene expression response in 487 free peritoneal cells. However, the antibody response generated by Freund's was much 488 higher than that induced by the other adjuvants (Fig. 10 ). Fish injected with Matrix-Q,
489
Alhydrogel or microspheres showed similar antibody levels, although the former was 490 less inflammatory. There are several possible reasons explaining these discrepancies.
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The immune response generated by vaccines is more closely related to the events that 492 take place in the cell-vaccine masses and in the immune organs rather than in free 493 peritoneal cells. Other effects, such as the depot effect, are also probably important in 494 generating antibody production, as shown in mammals (Batista-Duharte et al., 2013) . gene expression levels than the other three adjuvants, which generated very similar 505 responses. Interestingly, we also observed decreased expression of genes involved in 506 antigen presentation, indicating that this process does not occur in free peritoneal cells.
507
Finally, we did not observe any relationship between gene expression in peritoneal cells 508 and serum antibody levels in vaccinated fish. The latter is probably more closely related 509 to the events occurring in the cell-vaccine masses generated in the peritoneal cavity and Supplementary table   793   Table S1 . Gene-specific primers used in Q-PCR assays. 
